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(57) ABSTRACT 

A touch screen panel for an image display device or the like. 
The touch screen panel includes a transparent Substrate; a 
plurality of first sensing patterns on the transparent Substrate; 
an insulating layer on the first sensing patterns; a plurality of 
second sensing patterns on the insulating layer; and a plural 
ity of metal patterns on the insulating layer and coupled to the 
first and second sensing patterns at edge portions of a region 
in which the first and second sensing patterns are formed. The 
metal patterns electrically couple the first and second sensing 
patterns to position detecting lines on the transparent Sub 
strate. The touch screen panel further includes first conduc 
tive patterns below the metal patterns positioned on edge 
portions of the insulating layer. 

12 Claims, 2 Drawing Sheets 
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TOUCH SCREEN PANEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to and the benefit of 
Korean Patent Application No. 10-2009-0003630, filed on 
Jan. 16, 2009, in the Korean Intellectual Property Office, the 
entire content of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a touch screen panel for an 

image display device or the like. 
2. Description of Related Art 
A touch screen panel is an input device that allows a user's 

instruction to be inputted to an image display device or the 
like by selecting an instruction content displayed on a screen 
of the image display device with a user's finger or an object. 

To this end, a touchscreen panel is provided on a front side 
of an image display device to convert a contact position into 
an electrical signal. At the contact position, a user's finger or 
an object is directly in contact with the touch screen panel. 
Accordingly, an instruction content selected at the contact 
position is inputted as an input signal to the image display 
device. 
The applications for a touch screen panel have gradually 

expanded because it can be used to operate an image display 
device and replace a separate input device (e.g., keyboard or 
mouse) connected to the image display device. 

Touch screen panels are classified into a resistive overlay 
type touch screen panel, an infrared beam type touch screen 
panel, a capacitive overlay type touch screen panel, and the 
like. 
Among these touch screen panels, the capacitive overlay 

type touch screen panel converts a contact position into an 
electrical signal by sensing a change in capacitance formed 
between a conductive sensing pattern and another sensing 
pattern adjacent to the conductive sensing pattern, a ground 
electrode or the like when a user's finger or an object is in 
contact with the touch screen panel. 

To determine a precise contact position on a contact Sur 
face, sensing patterns include first sensing patterns (e.g., 
X-patterns) formed along a first direction to be connected to 
each other, and second patterns (e.g., Y-patterns) formed 
along a second direction to be connected each other. 
The first and second sensing patterns are generally formed 

from the same layer of material. In this case, sensing patterns 
of the first or second sensing patterns arranged on the same X 
or Y line or direction are connected by forming separate 
connection patterns through contact holes formed in an insu 
lating layer formed on the sensing patterns. Therefore, the 
number of masks utilized during fabrication may be 
increased, and a fabrication process may be complicated. 

In addition, the first and second sensing patterns are con 
nected to position detecting lines by metal patterns at edge 
portions of regions in which the first and second sensing 
patterns are formed, respectively. 
The metal patterns connect the first and second sensing 

patterns to the position detecting lines. To improve reliability 
of the touch screen panel, it is important to maintain the 
connection state of the metal patterns. 

SUMMARY OF THE INVENTION 

Accordingly, it is an aspect of embodiments of the present 
invention to provide a touch screen panel capable of reducing 
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2 
the number of masks utilized during fabrication, simplifying 
a fabrication process and maintaining the connection State of 
metal patterns through which sensing patterns are connected 
to position detecting lines. 

According to an embodiment of the present invention, 
there is provided a touch screen panel including a transparent 
Substrate; a plurality of first sensing patterns on the transpar 
ent Substrate, the first sensing patterns being coupled to one 
another along a first direction; an insulating layer on the first 
sensing patterns; a plurality of second sensing patterns on the 
insulating layer, the second sensing patterns coupled to one 
another along a second direction; a plurality of metal patterns 
on the insulating layer and coupled to the first and second 
sensing patterns at edge portions of a region in which the first 
and second sensing patterns are formed, the metal patterns 
electrically coupling the first and second sensing patterns to 
position detecting lines on the transparent Substrate. The 
touch screen panel further includes first conductive patterns 
below the metal patterns and positioned at edge portions of 
the insulating layer. 
The second sensing patterns may be alternately arranged 

with the first sensing patterns so as not to overlap with the first 
sensing patterns. 
The first conductive patterns may be formed of a same 

material as that of the second sensing patterns and positioned 
at a same layer as that of the second sensing patterns. 
The first conductive patterns may be between the insulating 

layer and the metal patterns to be directly in contact with the 
metal patterns at the edge portions of the insulating layer. 
The first conductive patterns may be formed of a transpar 

ent electrode material. 
The first sensing patterns may include sensing patterns 

coupled in columns, the sensing patterns of each of the col 
umns having same X-coordinates. The second sensing pat 
terns may include sensing patterns coupled in rows, the sens 
ing patterns of each of the rows having same Y-coordinates. 
The metal patterns may electrically couple the first and sec 
ond sensing patterns coupled in the columns and the rows to 
the corresponding position detecting lines. 
The touch screen panel may further include second con 

ductive patterns below the first conductive patterns. 
The second conductive patterns may be formed of a same 

material as that of the first sensing patterns and positioned at 
a same layer as that of the first sensing patterns. 
The second conductive patterns may be formed of indium 

tin oxide (ITO). 
According to another embodiment of the present invention, 

a touch screen panel includes a transparent Substrate, a plu 
rality of first sensing patterns on the transparent Substrate, an 
insulating layer on the first sensing patterns, a plurality of 
second sensing patterns on the insulating layer, and a plurality 
of metal patterns on the insulating layer and coupled to the 
first and second sensing patterns at edge portions of a region 
in which the first and second sensing patterns are formed. The 
metal patterns electrically couple the first and second sensing 
patterns to position detecting lines on the transparent Sub 
strate. The touch screen panel further includes first conduc 
tive patterns between the metal patterns and edge portions of 
the insulating layer, wherein the first conductive patterns are 
electrically coupled to regions of the metal patterns on the 
edge portions of the insulating layer. 

According to the embodiments of the present invention, 
first sensing patterns coupled to one another along a first 
direction and second sensing patterns coupled to one another 
along a second direction are located on different layers, 
respectively, thereby reducing the number of masks utilized 
during fabrication and simplifying a fabrication process. 
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Further, conductive patterns are formed below metal pat 
terns positioned at edge portions of an insulating layer 
between the first and second sensing patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, together with the specifica 
tion, illustrate exemplary embodiments of the present inven 
tion, and, together with the description, serve to explain the 
principles of the present invention. 

FIG. 1 is a schematic plan view showing a touch screen 
panel according to an embodiment of the present invention. 

FIG.2 is a schematic cross-sectional view of a main section 
of a touch screen panel according to a first embodiment of the 
present invention. 

FIG.3 is a schematic cross-sectional view of a main section 
of a touch screen panel according to a second embodiment of 
the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

In the following detailed description, only certain exem 
plary embodiments of the present invention have been shown 
and described, simply by way of illustration. As those skilled 
in the art would realize, the described embodiments may be 
modified in various different ways, all without departing from 
the spirit or scope of the present invention. Accordingly, the 
drawings and description are to be regarded as illustrative in 
nature and not restrictive. In addition, when an element is 
referred to as being “on” another element, it can be directly on 
the another element or be indirectly on the another element 
with one or more intervening elements interposed therebe 
tween. Also, when an element is referred to as being "con 
nected to’ or “coupled to another element, it can be directly 
connected to or coupled to the another element or be indi 
rectly connected to or coupled to the another element with one 
or more intervening elements interposed therebetween. Here 
inafter, like reference numerals refer to like elements. 

FIG. 1 is a plan view schematically showing a touch screen 
panel according to an embodiment of the present invention. 

Referring to FIG.1, the touchscreen panel according to the 
embodiment of the present invention includes a plurality of 
sensing patterns 12 and 14 formed on a transparent Substrate 
10 and a plurality of metal patterns 15 through which the 
sensing patterns 12 and 14 are electrically connected to posi 
tion detecting lines 15 1. 

The sensing patterns 12 and 14 are alternately disposed to 
cross each other. The first sensing patterns 12 with the same 
X-coordinates are connected to one another in columns, and 
the second sensing patterns 14 with the same Y-coordinates 
are connected to one another in rows. 
The sensing patterns 12 and 14 are formed close to one 

another in a regular pattern Such as a diamond shape pattern. 
The pattern of the sensing patterns 12 and 14 is not limited 
thereto but may be formed in various suitable patterns. 

However, in the embodiment of FIG. 1, the first sensing 
patterns 12 connected along a first direction and the second 
sensing patterns 14 connected along a second direction cross 
ing with the first direction are disposed with an insulating 
layer interposed therebetween and positioned on different 
layers of materials, respectively. 

For example, the first sensing patterns 12 may be posi 
tioned below the insulating layer, and the second sensing 
patterns 14 may be positioned above the insulating layer. 
The first sensing patterns 12 are formed to be connected 

along the first direction, e.g., the column direction on the 
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4 
transparent substrate 10. That is, the first sensing patterns 12 
may be configured as a plurality of X-patterns so that a plu 
rality of the first sensing patterns 12 positioned on one column 
with the same X-coordinate are connected to one another. 

However, the first sensing patterns 12 are not limited to the 
X-patterns described above. For example, the first sensing 
patterns 12 may be configured as a plurality of Y-patterns so 
that a plurality of first sensing patterns 12 positioned on one 
row with the same Y-coordinate are connected to one another. 
However, for the convenience of illustration, it will be 
assumed hereinbelow that the first and second sensing pat 
terns 12 and 14 are configured as X-patterns and Y-patterns, 
respectively. 
The first sensing patterns 12 connected in columns are 

connected to position detecting lines 15 1 through metal 
patterns 15. 
The second sensing patterns 14 are formed on the insulat 

ing layer that is formed on the first sensing patterns 12, and 
alternately disposed with the first sensing patterns 12 so as not 
to overlap with the first sensing patterns 12 except their con 
necting portions. 

Here, the second sensing patterns 14 are formed as con 
nected along the second direction, e.g., the row direction, 
crossing with the first direction. That is, when the first sensing 
patterns 12 are configured as X-patterns, the second sensing 
patterns 14 may be configured as a plurality of Y-patterns so 
that a plurality of second sensing patterns 14 positioned on 
one row with the same Y-coordinate are connected to one 
another. 
The second sensing patterns 14 connected in rows are 

connected to position detecting lines 15 1 through the metal 
patterns 15. 
The metal patterns 15 are connected to the first and second 

sensing patterns 12 or 14 at edge portions of a region in which 
the first or second sensing patterns 12 or 14 are positioned, 
and electrically connect the first or second sensing patterns 12 
or 14 to the position detecting lines 15 1. 

For example, the metal patterns 15 may connect the first 
sensing patterns 12 connected in columns and the second 
sensing patterns 14 connected in rows to be electrically con 
nected to the respective position detecting lines 15 1. 
The metal patterns 15 may be formed in contact with the 

first and second sensing patterns 12 and 14 on the insulating 
layer interposed between the first and second sensing patterns 
12 and 14. In this case, the insulating layer may allow an edge 
regions of the first sensing patterns 12 connected in columns 
(or pad units) to be exposed therethrough. 
The position detecting lines 15 1 are connected to the 

respective first and second sensing patterns 12 and 14 through 
the metal patterns 15 so that the first and second sensing 
patterns 12 and 14 are connected to a driving circuit. For 
example, when the touch screen panel is connected to an 
external driving circuit through a pad unit 20, the position 
detecting lines 15 1 are connected between the pad unit 20 
and the sensing patterns 12 and 14. 

Although, it has been described in the above embodiment 
that the metal patterns 15 and the position detecting lines 
15 1 are separated as individual components, however, the 
present invention is not limited thereto. For example, the 
metal patterns 15 and the position detecting lines 15 1 may be 
integrally formed together using the same material in the 
same process. 
The touch screen panel described above is a capacitive 

overlay type touch screen panel. If a user's finger or a contact 
object such as a touch stick or stylus is in contact with the 
touch screen panel, a change in capacitance of the sensing 
patterns 12 and 14 at the contact position is provided to the 
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driving circuit via the metal patterns 15, position detecting 
lines 15 1 and the pad unit 20. The change in capacitance is 
converted to an electric signal by suitable X and Y input 
processing circuits and the like, thereby detecting the contact 
position. 

In the touch screen panel according to the above described 
embodiment of the present invention, the first and second 
sensing patterns 12 and 14 are disposed in different layers, 
respectively, thereby reducing the number of masks utilized 
during fabrication and simplifying a fabrication process. 
More specifically, if the first and second sensing patterns 

12 and 14 are positioned on different layers of materials, 
respectively, the first and second sensing patterns 12 and 14 
can be respectively patterned to be connected to one another 
along the first and second directions in the patterning process. 
Accordingly, processes of forming separate contact holes and 
connecting patterns can be avoided, thereby reducing the 
number of masks utilized during fabrication and simplifying 
a fabrication process. 

In an embodiment of the present invention, a conductive 
dummy pattern that stabilizes the connection state of each of 
the metal patterns 15 is further formed below each of the 
metal patterns 15. Accordingly, it is possible to prevent or 
reduce a failure of the touch screen panel caused by a discon 
nection of the metal patterns 15. More detailed description 
will be provided later in this specification. 

FIG.2 is a schematic cross-sectional view of a main section 
of a touch screen panel according to a first embodiment of the 
present invention. For the convenience of illustration, a con 
nection portion of a second sensing pattern 14 and a metal 
pattern 15 is shown in FIG. 2, but a connection portion 
between sensing patterns is not shown in FIG. 2. 

Referring to FIG. 2, the touchscreen panel according to the 
first embodiment of the present invention includes first sens 
ing patterns 12 (X), an insulating layer 13, second sensing 
patterns 14 (Y) and a metal pattern 15, which are sequentially 
formed on a transparent substrate 10, and a first conductive 
dummy pattern 20 (DY) formed below the metal pattern 15. 
The transparent substrate 10 may be formed of a material 

Such as glass. However, the transparent Substrate 10 may be 
formed of a transparent substrate material different from the 
glass. Here, the term “transparency comprehensively refers 
to transparency having a suitable highlight transmittance, in 
addition to 100% transparency. 
The first sensing patterns 12 are formed on the transparent 

substrate 10. The first sensing patterns 12 are formed of a 
transparent electrode material Such as indium tin oxide (here 
inafter, referred to as ITO) so that light emitted from a display 
panel disposed below the touch screen panel can be transmit 
ted through the touch screen panel. 

The transparent insulating layer 13 is formed on the first 
sensing patterns 12 so as to cover the first sensing patterns 12. 
Although not shown in FIG. 2, the insulating layer 13 allows 
portions of the first sensing patterns 12 to be exposed at edge 
regions of the first sensing patterns 12 connected in columns, 
so that the first sensing patterns 12 are connected to respective 
metal patterns 15. 
The second sensing patterns 14 are formed to cross the first 

sensing patterns 12 on the insulating layer 13. The second 
sensing patterns 14 are also formed of a transparent electrode 
material having a suitable high light transmittance, Such as 
ITO. 

Each of the metal patterns 15 is formed on an outermost 
sensing pattern 14 1 of the second sensing patterns 14 con 
nected in rows and the insulating layer 13 at an edge of the 
region in which the second sensing patterns 14 are formed. 
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6 
The metal patterns 15 are disposed at edges of the touch 

screen panel while avoiding a contact Surface on which an 
image is displayed. The metal patterns 15 may beformed of a 
suitable low-resistance material such as Ag or Mo/Al/Mo. 
The metal patterns 15 respectively connect the first and 

second sensing patterns 12 and 14 to position detecting lines 
15 1 so that a change in capacitance on a contact position is 
provided to a suitable driving circuit. Therefore, the connec 
tion state of the metal patterns 15 should be satisfactory to 
prevent or reduce malfunction of the touch screen panel and 
to improve reliability of the touch screen panel. That is, to 
secure the reliability of the touch screen panel, the metal 
patterns 15 should not be disconnected. 

However, the metal patterns 15 may be physically discon 
nected at an edge portion of the insulating layer 13 having a 
relatively irregular thickness. 
More specifically, when the insulating layer 13 is formed 

utilizing a printing technique or the like, the edge portion of 
the insulating layer 13 may be formed thicker than other 
portions due to the Surface tension of a paste and the like. 
When steps at the edgeportion of the insulating layer 13 are 

significantly different, the thickness of the metal patterns 15 
formed on the edge portion of the insulating layer 13 becomes 
irregular. Therefore, when the metal patterns 15 are formed, 
the metal patterns 15 formed at the edge portion of the insu 
lating layer 13 may be disconnected by over-etching or the 
like as shown in portion A. 

If a metal pattern 15 is disconnected, a change in capaci 
tance on a contact position is not provided to the driving 
circuit even though a contact object is in contact with sensing 
patterns connected to the disconnected metal pattern 15. 

Accordingly, in an embodiment of the present invention, a 
first conductive dummy pattern 20 is further formed to elec 
trically connect the disconnected metal pattern 15 when the 
metal pattern 15 is physically disconnected. 
The first conductive dummy pattern 20 is formed below 

each of the metal patterns 15 at least at an edge portion of the 
insulating layer 13. For example, the first dummy pattern 20 
may be interposed between the insulating layer 13 and the 
metal pattern 15 so as to be directly in contact with each of the 
metal patterns 15 in at least an edge portion of the insulating 
layer 13. 

Here, to improve processing efficiency, the first conductive 
dummy pattern 20 may beformed of the same material as that 
of the second sensing patterns 14 in the process of forming the 
second sensing patterns 14. For example, when the second 
sensing patterns 14 are formed of a transparent electrode 
material such as ITO, the first conductive dummy pattern 20 
may also be formed of the same transparent electrode mate 
rial as that of the second sensing patterns 14. In this case, the 
first conductive dummy pattern 20 and the second sensing 
patterns 14 may be positioned in the same layer, i.e., on the 
first insulating layer 13. 

If the first conductive dummy pattern 20 is formed, the 
electrical conductivity of the metal pattern 15 is maintained 
through the first conductive dummy pattern 20 even though 
the metal pattern 15 is physically disconnected at the edge 
portion of the insulating layer 13. 

For the convenience of illustration, only one metal pattern 
15 and one first conductive dummy pattern 20 that maintains 
the electrical conductivity of the metal pattern 15 are shown in 
FIG. 2. However, a plurality of first conductive dummy pat 
terns 20 may beformed at lower portions of the metal patterns 
15 connected to the first and second sensing patterns 12 and 
14 connected in columns and rows, respectively. 

According to the described embodiment of the present 
invention, the first conductive dummy patterns 20 are formed 
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at lower portions of the metal patterns 15 positioned on edge 
portions of the insulating layer 13 interposed between the first 
and second sensing patterns 12 and 14, thereby maintaining 
the electrical conductivity of the metal patterns 15. Further, 
the first conductive dummy patterns 20 may be formed of a 
transparent electrode material such as ITO, which improves a 
hydrophilic property, at the lower portions of the metal pat 
terns 15, thereby improving pattern characteristics of the 
metal patterns 15 and increasing adhesive strength. 

In addition, although not shown in FIG. 2, a separate insu 
lating layer may be further formed on the second sensing 
patterns 14 and the metal patterns 15. A transparent ground 
electrode and/or another insulating layer covering the trans 
parent ground electrode may be further formed on the other 
surface of the transparent substrate 10, i.e., the lower surface 
of the transparent substrate 10. 

FIG.3 is a cross-sectional view of a main section of a touch 
screen panel according to a second embodiment of the present 
invention. In FIG. 3, elements like those of FIG. 2 are desig 
nated with the like reference numerals, and their detailed 
descriptions will be omitted. 

Referring to FIG.3, the touchscreen panel according to the 
second embodiment of the present invention further includes 
a second conductive dummy pattern 22 (DX) formed below a 
first conductive dummy pattern 20 (DY). 
The second dummy pattern 22 may be formed below at 

least one first conductive dummy pattern 20, e.g., at lower 
portions of the respective first conductive dummy patterns 20. 

Here, to improve processing efficiency, the second conduc 
tive dummy pattern 22 may beformed of the same material as 
that of the first sensing patterns 12 in the process of forming 
the first sensing patterns 12. For example, when the first 
sensing patterns 12 are formed of a transparent electrode 
material Such as ITO, the second conductive dummy pattern 
22 may also be formed of a transparent electrode material 
such as ITO. 
The second conductive dummy pattern 22 is positioned 

below the insulating layer 13 in an edge portion of the insu 
lating layer 13. The second conductive dummy pattern 22 
may be in contact with the first conductive dummy pattern 20 
by extending to a region in which the insulating layer 13 is not 
formed. 
By forming the second conductive dummy pattern, a step 

difference is reduced between regions in which the first con 
ductive dummy pattern 20 and the metal pattern 15 are 
formed, respectively. In some embodiments of the present 
invention, the second conductive dummy pattern and the first 
sensing patterns 12 may have the same thickness. 

While the present invention has been described in connec 
tion with certain exemplary embodiments, it is to be under 
stood that the invention is not limited to the disclosed embodi 
ments, but, on the contrary, is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims, and equivalents 
thereof. 

What is claimed is: 
1. A touch screen panel comprising: 
a transparent Substrate; 
a plurality of first sensing patterns on the transparent Sub 

strate, the first sensing patterns coupled to one another 
along a first direction; 
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8 
an insulating layer directly on both the first sensing pat 

terns and the transparent Substrate, and Substantially 
covering the first sensing patterns; 

a plurality of second sensing patterns on the insulating 
layer, the second sensing patterns coupled to one another 
along a second direction; 

a plurality of metal patterns on the insulating layer and 
coupled to the first and second sensing patterns at edge 
portions of a region in which the first and second sensing 
patterns are formed, the metal patterns electrically cou 
pling the first and second sensing patterns to position 
detecting lines on the transparent Substrate; and 

first conductive patterns below the metal patterns and posi 
tioned at edge portions of the insulating layer, the first 
conductive patterns being between the plurality of metal 
patterns and the transparent Substrate. 

2. The touch screen panel of claim 1, wherein the second 
sensing patterns are alternately arranged with the first sensing 
patterns to not overlap with the first sensing patterns. 

3. The touch screen panel of claim 1, wherein the first 
conductive patterns are formed of a same material as that of 
the second sensing patterns and positioned at a same layer as 
that of the second sensing patterns. 

4. The touch screen panel of claim 1, wherein the first 
conductive patterns are between the insulating layer and the 
metal patterns to be directly in contact with the metal patterns 
at the edge portions of the insulating layer. 

5. The touch screen panel of claim 1, wherein the first 
conductive patterns are formed of a transparent electrode 
material. 

6. The touch screen panel of claim 5, wherein the first 
conductive patterns are formed of indium tin oxide. 

7. The touch screen panel of claim 1, wherein: 
the first sensing patterns comprise sensing patterns coupled 

in columns, the sensing patterns of each of the columns 
having same X-coordinates; 

the second sensing patterns comprise sensing patterns 
coupled in rows, the sensing patterns of each of the rows 
having same Y-coordinates; and 

the metal patterns electrically couple the first and second 
sensing patterns coupled in the columns and the rows to 
the corresponding position detecting lines. 

8. The touch screen panel of claim 1, further comprising 
second conductive patterns below the first conductive pat 
terns. 

9. The touch screen panel of claim 8, wherein the second 
conductive patterns are formed of a same material as that of 
the first sensing patterns and positioned at a same layer as that 
of the first sensing patterns. 

10. The touch screen panel of claim 8, wherein the second 
conductive patterns are folined of indium tin oxide. 

11. A touch screen panel comprising: 
a transparent Substrate; 
a plurality of first sensing patterns on the transparent Sub 

Strate; 
an insulating layer directly on both the first sensing pat 

terns and the transparent Substrate, and Substantially 
covering the first sensing patterns; 

a plurality of second sensing patterns on the insulating 
layer; 
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a plurality of metal patterns on the insulating layer and wherein the first conductive patterns are electrically 
coupled to the first and second sensing patterns at edge coupled to regions of the metal patterns at the edge 
portions of a region in which the first and second sensing portions of the insulating layer. 
patterns are formed, the metal patterns electrically cou- 12. The touchscreen panel of claim 11, further comprising 
pling the first and second sensing patterns to position second conductive patterns between the first conductive pat 
detecting lines on the transparent Substrate; and terns and the transparent Substrate, the second conductive 

first conductive patterns between the metal patterns and patterns electrically coupled to the first conductive patterns. 
edge portions of the insulating layer, the first conductive 
patterns being between the plurality of metal patterns 
and the transparent Substrate, k . . . . 
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